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FOR ARGONNE NAVAL REACTOR WITH CONSTANT TRANSVEREiE 

TEMPERATURE GRADIENT AND UNIFORM LONGITUDINAL 

Measurements were made of the thermal. d i s tor t ion  of a s ta inless-  
s t e e l  clad, cadmium-silver reactor control rod furnished by the Argonne 
National Laboratory. The temperature pat tern i n  the rod was 86 follows: 
A t  each cross section, the temperature at  the  center of the rod was 
approxLmately 430' F and a nominal temperature difference of about 40' F 
was maintained between one pa i r  of opposite t i p s .  
pa t te rn  was  maintained approximately constant along the  rod length. The 
tests were repeated with the transverse temperature gradient rotated 
180° with respect t o  the rod. 

Th i s  transverse 

The maximum reduction i n  clearance caused by thermal d is tor t ion  was 
0.203 inch. 
of the  direct ion of the transverse temperature gradient. 

T h i s  reduction i n  clearance was approximately independent 

INTRODUCTION 

Determinations of the thermal d is tor t ion  of a s ta in less -s tee l  clad, 
cs&r&z~-z:lver c ~ r e  c m t r o l  rcil for the -9rrgonne Naval reactor  were made 
at  the  MCA Lewis laboratory. The control rod wa8 furnished by the  
Argonne Kational Laboratory. Distortion measurements with estimated 
temperature pat terns  intended t o  simulate cer ta in  reactor  operating 
conditions a r e  presented i n  references 1 and 2.  
sented herein of thermal dis tor t ion with a temperature pat tern which is 
not intended t o  simulate any par t icular  reactor operating condition, but 
t o  show the e f f ec t  of maximum transverse temperature gradients (as limited 
by test f a c i l i t i e s )  with constant, longitudinal temperature. 

Measurements are pre- 

The control rod used in this  invegtigatlon is the one discussed i n  
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The test setup ( ~ 8  used for this Investigation I s  the  same ae that 
described I n  reference 2. 
description of the apparatus used: 

The following paragraphs contain a br ie f  

Control rod. - The control rod consisted of a 25-75percent cadmium- 
s i l v e r  core, clad with stainless s t e e l .  
shape of a cross having a span of 4 inches. 
7/32 inch consisting of 1/8-lnch core alloy with a stainless-steel 
cladding thickness of 3/64 Inch. 
53.75 inches. 

The rod cross section is  i n  the 
The t o t a l  arm thickness I s  

The over-all length of the rod I s  

The rod had several  cracks In the  welded portions of the cro88 t i p s  
as reported In  reference 2. 
during t h e  t e s t s  reported herein. 

These failures did not lncreese In s i ze  

Method of supporting control rod. - The control rod was mounted 
ve r t i ca l ly  with the  f ixed end at the b o t t m .  The viee whlch holds the 
control rod was bolt& Indirect ly  t o  the  mounting plate through ineulat- 
ing material t o  reduce the heat flow t o  the mounting pla te .  
gages were located near the clamped end t o  enaure freedam from i n i t i a l  
stress while clamping. 

Strain 

Method of ob tdning  temperature d i s t r lbu t lo~ l .  - The control rod WM 
The rudd heated by a 75 KVA Induction heater as In references 1 end 2. 

temperature8 were held constant by adjusting the axldl spacing of the 
heater  c o i l  turns.  
by arranging the heater c o i l  and control rod nonconcentrlcally and by 
a series of air jets mounted along the  rod and directed toward the center 
of the cross. 

The transverse temperature gradients were obtained 

The 8 l r -cwl lng  system I s  deecrlbed In reference 2. 

Method of measuring dis tor t ion.  - Dlstortlon of the rod waa measured 
by d ia l  indicators as in references 1 and 2. 
were located at each t i p  of the cross in five traaeverse s t a t ions  a8 
gi%w~ iz t a l e  11. 
were fastened t o  the same mounting p l a t e  aa the  control rod. 
were insuls ted t o  prevent thermal conduction and were protected f"na 
radiat ion.  
Fused quartz rode about12 inches In length were used t o  t r d t  the 
motion of the control rod t o  the dial Indicators. 
of the indicator reedings was *O.ooZ Inch. 

Normally two Indicators 

T3e im3izstDre -=e zomted QE fwr m~pxrt~  dAch 
The sugprta  

They were also Instrumented In order to indicate ray motion. 
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temperature pat tern i n  the rod was as follows: 
the temperature at the center of the rod w a s  approximately 430' F and E 
nominal temperature difference of about 40' F was maintained between one 
pa i r  of opposite t i p s .  Th i s  transverse pat tern w a s  maintained approxi- 
mately constant along the rod length. The test was repeated w i t h  the 
transverse temperature gradient rotated 180' with respect t o  the rod. 

A t  each cross section 

The thermocouple locations and the corresponding surface temperatures 
obtained experimentally are l i s t e d  i n  table  I. As indicated i n  the 
diagrams, the distance of the transverse s ta t ion  from the f r ee  end of the 
control rod i n  inches is  represented by Z, and t h e  thermocouple locations 
a t  each value of 2 are designated by numbers from 1 t o  16. As indi- 
cated i n  the table,  16 thermocouples were not i n s t a l l e d  at  all  values 
of z. 

The control-rod d is tor t ion  resul t ing from the temperatures of 
t ab le  I are  shown i n  tab le  11. 
rod is  fixed by the values of Ax and Ay with t h e i r  proper signs. 
The values a re  with referecce t o  the unheated posit ion of the rod. 

The displacement at each point on the 

I n  tables  I and 11, run 2 i s  a repeat of run 1, and run 3 represents 
approximately t h e  same longitudinal temperature pat tern 88 i n  runs 1 and 
2 w i t h  the transverse temperature gradient rotated l8Oo x i t h  respect 
t o  the r o d .  

Distortion of control rod. - The displacement of t h e  t i p s  of the 
control-rod arms are plotted i n  figures 1 and 2 .  Figure 2 indicates the 
d is tor t ion  w i t h  the same nominal temperature pat tern as fo r  f igure 1, but 
with the transverse temperature pattern rotated la@ with respect t o  the rod. 

The d is tor t ions  shown i n  figures 1 and 2, as t o  be expected, are  
opposite i n  sign. The plots  indicate tha t  t h e  rod d i s t o r t s  about the 
same amount i n  e i ther  direction. 
pat terns  a re  smewhat d i f fe ren t  f o r  the two tests (see table  I, where 
runs 1 and 2 represent the pattern f o r  f i g .  1 and run 3 f o r  f i g .  2) ,  
the  maximum dis tor t ion  of the center of the rod agrees within 0.006 inch 
i n  the Ay direct ion and within 0.010 inch i n  the  Ax direct ion.  The 
m a x i m u m  reduction i n  clearance shown i n  both figures 1 and 2 is about 
0.203 inch. 

Although the actual temperature 

StJMfARY OF RESULTS 

The r e su l t s  of t e s t s  on the d is tor t ion  of a s ta in less -s tee l  clad, 
silver-cadmlum reactor control rod under the influence of a constant 
transverse temperature gradient and a uniform 
d i s t r ibu t ion  can be summarized as follows: 

longitudinal temperature 
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1. 
0.203 inch. 

The m i m u m  reduction in clearance obtained i n  the tests was 

2. When the test w a s  repeated with the transverse temperature 
pattern rotated 180' with respect to the rod axis, the amount of the 
reduction in clearance was unchanged. 

Lewi 8 Flight F'r opuls ion Labor ator y 
National Advisory Committee for Aeronautics 

Cleveland, Ohio, August 9, 1951 

1. Sagey, T. F . ,  and Lietzke, A. F.: Measurement of Distortion in 
First Experimental Control Rod for Argonne N a v a l  Reactor. 
NACA Fit4 EslA30, 1951. 

2. Lietzke, A. F., and Nagey, T. F. : Measurement of Distortion in 
Second Experimental Control Rod with Temperature Patterm Simulat- 
ing Shim Rod Out and 8him Rod 50 Percent Inserted for &gome 
Naval Reactor. MCA RM E5lE25, 1951. 

4' 



5 
0 

i C 

TABLEI-- 
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t lon 1 - .__ 
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(in.) - 
1 

8 

15 

22 
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3 

L26 
L33 
k55 

- 

&&3 
&PI 
L29 

L30 
k53 
k P  

u7 Lm 
k23 

6 

I418 
LZ5 
L62 

k36 
b35 
L59 

US 
k53 
LLl 

I130 
L33 
k30 

L52 
L59 
lr55 

L30 
L3L 
Llr2 

k A  
krn  
u 3  

w5 
LO7 
&39 

- 

- 

Run 
1 2  

1 u 9  &&a 
2 WIk U 6  
3 LSO L57 

1 L50 
2 us 
3 h39 

1 L52 
2 L5& L56 
3 L30 b30 

1 Luc 
2 La 
3 W6 

1 L63 L57 
2 L69 L63 
3 lr39 IrM 
1 L65 
2 h66 
3 L30 

L30 L25 

lr69 
L23 

7 

L19 
412 
L66 

U 1  
h2L 
Irm 
h30 
h37 
L38 

U 3  
k20 
h25 

L32 
L52 
b39 

L2C 
Wi 
L3! 

L2i 
L3S us 
Ll’ 
L’)S 
k P  

- 

- 

387 
366 
L65 

WJ 
3 6  
L70 

k30 
b29 
L60 

&16 
3% 
L50 

Irl8 
L35 
L60 

la5 
Lo6 
M 2  

irk2 
a9 
L67 

Lo6 
Lo6 
L66 - 
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(b) Variation of Ax vith Z. 

Figure 1. - Distortion of control rod with maximum temperature 
Occurring at station 1. RUM 1 aad 2. 
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(a) variation of with z. 

Axial distance fra free of con- rod, Z, In. 
(b) Variation of Ax with Z. 

mgure 2.  - M8tortloa of contrdl rod with mudma temperature 
o c ~ i n u  et mtatloa 9 .  Run 5 .  
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